Abstract. In this paper we study the nature of Alfvfin wave propagation through the Io plasma torus. A one-dimensional model is used with uniform magnetic field and exponential density decrease to a constant value. The solution can be expanded near the center of the torus and far away from the torus to give propagating Alfvfin waves.
Introduction
In 1964, Bigg [1964] [Neubauer, 1980; Gurnett and Goertz, 1981] . Evidence of this wake was found in Pioneer 10 magnetometer data [Walker and Kivelson, 1981] . More recent work [Goertz, 1983] has modeled the evolution of field lines that encounter Io.
There has been considerable interest in the structure of the waves downstream from Io because they are thought to produce decametric radiation. [Wright, 1987 ] solved the MHD wave equation numerically and used a realistic magnetic field and density distribution.
The results indicate that an Alfvfin wave launched from the magnetic equator can interact strongly with the medium as it propagates through the inhomogeneities. For the wave expected to be produced by Io these calculations predicted that about 75% of the power would be reflected from the medium alone, implying strong violation of the WKB approximation. One factor contributing to the discrepancy with earlier predictions involves a comparison of scale lengths of the wave and of the magnetoplasma. The work of Gurnett and Goertz [1981] took the scale of the wave to be the size of Io. This is reasonable for the perpendicular scale of the wave, but the parallel wavelength could be 1 or 2 orders of magnitude greater than this [Wright, [1987] . The parallel scale of the wave is the more relevant to the propagation of Alfv•n waves. Moreover, the length scale associated with the wave changes in an inhomogeneous medium due to the varying Alfv•n speed. This more general Alfv•n wave propagation problem has received analytic attention in the past [Goertz, 1980] , which we reexamine here in more detail. Our qualitative results agree with those of Goertz [1980] 
The Model
To investigate Alfv•n wave propagation through the torus density distribution we shall adopt a one-dimensional magnetoplasma. Quantities vary with the z coordinate, and are indpendent of x and y. The background magnetic field is uniform and parallel to the z axis. This model is the same as that used by Goertz [1980] , where it is 
The scale length for the density variation is z0/2.
This yields the variation of Alfv•n speed along the field lines to be [Goertz, 1980] I 
Solution at Smaller z Near Io (at small z) the WKB limit is expected to be valid [Goertz 1980; Wright, 1987] . This requires that the scale length of the medium be much larger than one wavelength, i.e., caz0/V A > > 1. The variable x may be written in the following forms (using equations (3), (4) and (6) 
Energy Fluxes and Interpretation
The steady state one-dimensional dissipation-free problem solved in the preceding section possesses an invariant quantity which is identified as the energy flux (see Leroy [1985] 
As one would expect, the transmission coefficient increases toward unity with increasing wave frequency.
Discussion
The expression for the transmission coefficient in (23) facilitates a brief quantitative discussion. For example, using the same parameter values found by Goertz [1980] (co = 0.1 rad s TM , z 0 = 2 Rj and VAoo = 10 4 krn s TM ) yields a reflection coefficient of 1.3 x 10 TM. This suggests that the wave power is almost entirely transmitted through the torus, as one would expect if the WKB limit were valid everywhere. We shall see below, however, that inclusion of the additional variation in Alfv•n speed expected in a dipolar field gives rise to a qualitative and quantitative difference.
The study done by Wright [1987] was numerical and consisted of launching a variety of pulses through a realistic field geometry and density profile. The density distribution used in this work was based upon the Voyager 1 plasma intrument [Bagenal et al., 1985 Previous work [Goertz, 1980] has also studied the power carried by waves at z = 0 and z-, % using a similar calculation to the one presented here, and interpreted the difference between Poynting fluxes at various positions in terms of the transmission and reflection properties of the medium. We have been unable to completely reconcile the detailed mathematical results given there with the present work, although some of the discrepancies are probably typographical. More importantly, although that work derives an expression for the Poynting flux (their equations 31,32) based on the total velocity perturbation (equivalent to our equations (15)-(17)). Equation (37) of that paper seems to imply that this flux is not independent of z. Perhaps we have misinterpreted the no•ation used by Goertz [1980] . for their assistance in evaluating this paper.
In this paper we have studied how Alfv6n waves propagate through a density distribution that is similar to that of the Io plasma torus. We are able to interpret our solution in terms of a wave that is incident upon the torus, a reflected wave, and a wave that is transmitted through the torus. The solution conforms to the steady state requirement that the net energy flux is independent of position. The results can be compared with those of Goertz [1980] and Wright [1987] . In the former model the Alfv6n speed changes soley due to the density distribution. This yields a lower limit for the asymptotic Alfv6n speed, since the magnetic field strength increases by over 2 orders of magnitude along the Io flux tube. Using this lower limit we find that the density change of the torus reflects a very small amount of wave power, in qualitative agreement with Goertz [1980] , despite some mathematical discrepancies between the two solutions. The numerical results presented by Wright [1987] employed a realistic density variation and a dipolar background magnetic field. In order to compare our results with this study, we used an asymptotic Alfv6n speed a factor of 7 times larger than the lower limit considered by Goertz [1980] . We find that a significant fraction of the Alfv6n wave power launched from Io will not be transmitted through the torus and field variations, and that internal
